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We report glueball Regge trajectories emerging from diagonalizing
a confining Cou-
lomb gauge Hamiltonian for constituent gluons. Using a BCS vac-
uum ansatz and gap equation, the dressed gluons acquire a mass,
of order 800 MeV , providing the quasiparticle degrees of freedom
for a TDA glueball formulation. The TDA eigenstates for two con-
stituent gluons have orbital, L, excitations with a characteristic
energy of 400 MeV and reveal clear Regge trajectories for each L
and S combination giving ~J = ~L + ~S, where S is the total (sum)
gluon spin. Significantly, all trajectories have the same 0.28 GeV −2
Regge slope, similar to the Pomeron value of 0.25 GeV −2. Recent
lattice data further supports this result and yields an intercept close
to the Pomeron.
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A vintage problem in hadronic physics is to fundamentally explain the ob-
served monotonously rising, to asymptotically flat cross section behavior with
increasing Mandelstam variable s. Pre-QCD cross section theorems [1] in-
volving t channel exchanges motivated Pomeranchuk’s assertion [2] that vac-
uum quantum number (JPC = 0++) t channel exchanges would describe elas-
tic cross section high energy dependence. Related, it was historically known
that hadronic resonances with specic quantum numbers could be connected
to a series or "tower" of excited states. From this backdrop the successful
Regge picture [3,4], with poles and trajectories linear in t (mass squared),
α(t) = α(0) + b t, emerged which eectively described cross sections and res-
onances and therefore unied both scattering and bound state data. Of par-
ticular interest in this communication are analyses of high energy diraction
data [5,6] yielding a JPC = J++ Regge trajectory with the largest intercept
α(0). This trajectory is called the Pomeron and from detailed ts is given by
αP (t) = 1.08 + 0.25 t .
Note that by denition, the Pomeron entirely governs and correctly reproduces
the high energy scattering behavior since the cross section scales as sα(0)−1.
The simplicity of this picture is very appealing and the Pomeron remains a
contemporary tool for understanding high energy processes, both experimen-
tally and theoretically [7] . In the discussion below we specialize to the soft
non-perturbative Pomeron (for an account of the BFKL hard Pomeron in
perturbative QCD see [8,9]).
According to Regge theory, the trajectory describing scattering should also
be consistent with physical hadron states, implying a JPC = J++ trajectory
of mesons also having slope near 0.25 GeV −2. However, all known hadronic
resonances (both mesons and baryons) fall on Chew-Frautschi [10] trajectories
having very similar slopes close to 0.9 GeV −2 but dierent intercepts, (e.g.
αρ(t) = .55 + 0.9 GeV
−2 t for the negative parity, positive G parity tower,
ρ, ω, ω3, ρ3   ). This incompatibility led to the conjecture that the Pomeron
corresponded instead to a Regge trajectory for gluonic states, and most likely
one describing the J++ glueballs.
Accordingly, the gluonic nature of the Pomeron has been widely investigated
(see [11] for a recent review) with several recent studies linking the Pomeron
and glueball trajectories. From meson trajectories and Wilson loops, Kaidalov
and Simonov [12] estimate that the glueball intercept is α(0) ’ .7, while
Soloviev [13] computes α(0) = 1.070.03 using the quantized elliptic Nambu-
Gotto string model. Motivated by the Maldacena conjecture, and solving the
dilaton wave equation, Brower, Mathur and Tan [14] obtained a glueball in-
tercept of α(0) ’ 1.2. Finally, using mass relations between the glueball and
meson sectors, Brisudova, Burakovsky and Goldman [15] obtain a glueball
Regge trajectory with slope ’ 0.3 0.1 GeV 2.
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In this communication we report results from a new constituent glueball ap-
proach which further strengthens the gluonic Pomeron conjecture. Similar
to previous relativistic quark approaches [16,17] yielding a consistent meson
Chew-Frautschi Regge slope, our relativistic many-body calculations also pro-
duce a glueball Regge trajectory that arises naturally from the conning linear
potential and the scale of angular excitations. While the trajectory intercept
value is sensitive to the interaction, we nd two trajectories with intercepts
near and above unity. Most signicantly, all trajectory slopes are close to
the Pomeron value (b  0.25 GeV 2) and independent of model details. Our
group has applied many body techniques to develop a unied approach for
the hadron spectrum utilizing a QCD inspired Hamiltonian. Both the gluon
[18] and meson [19,20] sectors have been realistically described and a hybrid
meson calculation has also recently been completed [21].
We briefly summarize our many-body approach (see refs. [18{20] for complete
calculational details). First the gluons are dressed by means of a Bardeen
Cooper and Schrieer (BCS) ansatz for the vacuum ground state which,
through a variational Hamitonian minimization, generates a gap equation
for the dynamical gluon mass. Next, a Tamm-Danco (TDA) diagonaliza-








with color charge density ρa and elds Πa,Ba. The Hamiltonian has been sim-
plied by making the quenched approximation (neglecting the quark sector)
and using an instantaneous Cornell potential for connement, V = −αs
r
+ σr.
The potential parameters are αs = .2, and, from independent lattice results,
σ = 3
4
0.18 GeV 2. We also use a cut-o parameter  = 4−5 GeV to regularize
the logarithmic divergent term in the mass gap equation. The model parame-
ters σ, αs and , are commensurate with our quark sector applications which
produces reasonable results [19,20], including the appropriate meson Regge
slope.












where the αaym are quasiparticle creation operators acting on the BCS vacuum
state jΩi and the sum is over spin projections, m = 1, 2, and the color index
a. The angular momentum composition is given by the glueball wavefunction
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JPCLSm1m2(q) = h1m11m2jSmSihLmLSmSjJmJiφJPCLS (q)Y mLL (q^) .
Although states with dierent L and S mix in our model, we initially neglect
this since we are mainly interested in the individual partial wave Regge tra-
jectories, specically their slopes. The Regge intercept is more complicated
and model sensitive since it depends upon both mixing and spin interactions
in the Hamilonian. We further address the mixing issue below.
The calculation is straightforward, rst the BCS ansatz is utilized for the
ground state, which leads to a nonlinear mass gap equation yielding a gluon
mass around 800 MeV . Then, with the gap energy, the linear TDA equations
are diagonalized for the JPC states of interest, either as a radial equation or
variationally in a multi-dimensional Monte Carlo calculation for the Hamil-
tonian matrix elements using the computer code VEGAS. Note, our results
omit renormalization, but a recently improved, renormalized glueball calcula-
tion [22] reveals little change.
Wavefunction symmetry for two identical bosons requires that L + S must be
even. Since the Pomeron trajectory should carry positive parity and C-parity,
L odd is not considered nor three gluon states which have odd C-parity. Also,
according to Yang’s theorem, a combination of gluon transversality and Bose
statistics, J = 1 states are forbidden for a two gluon system. Therefore we
expect six trajectories for the radial ground state, one for S = 0 (J = L) and
ve for S = 2 (J = L, J = L 1, J = L 2). A repetition of this pattern for
higher masses is expected for radial excitations.
The main result of this work is presented in Fig. 1 where we have extended
our original glueball calculation to higher angular momentum states and plot
J versus M2 to demonstrate the Regge trajectories. It is important to note
that we computed three points for each glueball trajectory to conrm the
linear relation. From top to bottom the trajectories correspond to J = L + 2,
J = j~L + ~2j = L + 1, and J = L (S = 0). The three other trajectories (not
shown) continue down and to the right, starting with J = L (S = 2), which
almost overlaps the J = L (S = 0) line, then J = L−1, and nally J = L−2,
all with roughly similar spacing. It is interesting that our lightest 2++ glueball
has L = 0, S = 2 and, like the corresponding lattice state shown below, lies on
the Pomeron trajectory (solid line in gures 1 and 2). Because our state has
L = 0, it is free from uncertainties due to spin orbit and tensor interactions.
Further, it is also unique in the sense that it can not be identied with any
of the ve S = 2 model trajectories. Note also that the J = j~L + ~2j = L + 1
trajectory is very close to the Pomeron and, including the (L = 0) 2++ state,
yields the Regge trajectory J = .75 + .27 GeV −2 t.
This result should be compared to recent lattice calculations [23] which are
selectively shown in Fig. 2. Again a Regge trajectory emerges, although there
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are only two points for each line ( a JPC = 4++ lattice calculation would be
ideal for conrming the Pomeron). Signicantly, both gures have trajectory
slopes comparable and spanning the Pomeron value of ..25 GeV −2. Our model
slopes vary between .27 and .3 GeV −2 while the lattice slope is more uncertain
and a bit lower at ..13  .05 GeV −2. Notice that the lattice intercept is
above unity, although again with appreciable error (1.25  .4). Further, we
found little sensitivity of our results to the conning potential parameter as
increasing the strength by 33 % (i.e. σ = 3
4
0.18 GeV 2 ! 0.18 GeV 2), only
marginally reduced the intercept and slope (e.g. new slope  0.22 GeV 2).
As mentioned above, until a complete mixing calculation is performed, our in-
tercept value remains undetermined. For the Pomeron candidate states, which
must have J greater than 1, the even J states will entail mixing of four dif-
ferent (LS) states, while the odd only two. Since only two points are needed
to determine the Regge trajectory, we need only perform a two state mixing
analysis for the odd J states and choose JPC = 3++ and JPC = 5++. For the
JPC = 3++ state, the two components are Ψ3++L=2S=2 and Ψ
3++
L=4S=2, while for
the JPC = 5++ they are Ψ5++L=4S=2 and Ψ
5++
L=6S=2. In a two state mixing problem
with initially unmixed eigenvalues (masses) M1 less than M2, turning on an
o-diagonal mixing interaction M12 produces upon diagonalization two new










For the Pomeron, we are only interested in the lower mixed mass M− which
will vary between




for weak mixing (M12  M2 −M1) to a minimum mass
M− = M1 −M12
for strong mixing (M12  M2−M1). From our TDA calculation we explicitly
compute M12 = 0.35 GeV for the J
PC = 3++ and nd an intermediate strength
mixing scenario since M2 − M1 = .4 GeV (note, due to transversality our
states also required a Schmidt orthogonality procedure which slightly alters
the above mixing equations). Assuming the JPC = 3++ and JPC = 5++ mix
similarly, the new Regge trajectory will retain the same slope (0.28 GeV −2)
but have a new intercept shifted upward by .28 GeV −2(M21 − M2−)  0.4 to
about 0.9, reasonably close to the Pomeron value. We therefore have a viable
glueball trajectory as a candidate for the Pomeron. The main deciency of our
model is the top most trajectory of the even J states having intercept much
greater than the Pomeron (see Fig. 1). Mixing of these states will only make
the intercept larger, away from the Pomeron data. It should be noted however,
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that our model is incomplete with respect to spin splittings as detailed in our
earlier applications [18{20]. Until this is resolved all predictions with respect
to the Regge intercept are somewhat model dependent. We are developing an
improved treatment to address this shortcoming which will be applied and
reported in a future communication.
Finally, we oer a qualitative explanation for our unied model predictions of
meson and Pomeron slope trajectories with respective values bqq  0.9 GeV 2
and bgg  0.25 GeV 2. In a simple QCD string model with massless partons
separated by a string with length r and tension (or energy per unit length) k,
the total relativistic mass scales as kr while the angular momentum is propor-
tional to 1
2
kr2, which generates a Regge trajectory with slope b = 1
2pikr
. This
string feature is incorporated in our model through the linear conning po-
tential (σr), yielding eective string tensions, kqq = Cqqσ and kgg = Cggσ, for
the meson and glueball systems, respectively. Here Cqq =
N2c−1
2Nc
and Cqq = Nc
are the respective quark and gluon color Casimir operators from the density-
density Hamiltionian kernel. This immediately gives the simple estimate that







Nc = 3. While this explains much of the meson/glueball slope dierence, it is
signicant that our model is able to account for essentially all of the dier-
ence, the rest due to BCS quasiparticle masses and the Coulomb potential. It
would be very interesting to see if alternative QCD models, particularly the
flux tube, can reproduce these results.
In summary, our relativistic many-body approach provides glueball Regge tra-
jectories with slopes similar to the Pomeron diraction ts. The model also
unies and describes the quark sector by properly implementing chiral sym-
metry (and breaking) to reproduce the observed meson spectra and attending
phenomenological Regge slopes with the same, predetermined conning po-
tential. Lastly, recent lattice measurements are also consistent with this pic-
ture and support a gluonic interpretation of the Pomeron. Reproducing the
Pomeron intercept would conrm this assertion and more sophisticated model
calculations are in progress.
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Fig. 1. J++ states from the TDA glueball spectrum for two constituent gluons. The
gluon mass was generated from the BCS gap equation that preserves the trans-
verse nature of the gluons. Yang’s theorem precludes J=1 states. The numbers in
























Fig. 2. Selected lattice glueball states from ref. [23]. Solid line is the Pomeron.
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